Abstract. Previous studies have demonstrated that zinc (Zn) is an essential trace element which is involved in male reproduction. The zinc transporter (ZnT) family, SLC30a, is involved in the maintenance of Zn homeostasis and in mediating intracellular signaling events; however, relatively little is known regarding the effect of ZnTs on testosterone synthesis. Thus, in the present study, we aimed to determine the effect of Zn transporter 7 (ZnT7) on testosterone synthesis in male CD-1 mice and mouse Leydig cells. The findings of the present study revealed that the concentrations of Zn in the testes and Leydig cells were significantly lower in mice fed a Zn-deficient diet compared with the control mice fed a Zn-adequate diet. In addition, ZnT7 was principally expressed and colocalized with steroidogenic acute regulatory protein (StAR) in the Leydig cells of male CD-1 mice. ZnT7 expression was downregulated in the mice fed a Zn-deficient diet, which led to decreases in the expression of the enzymes involved in testosterone synthesis namely cholesterol side-chain cleavage enzyme (P450scc) and 3β-hydroxysteroid dehydrogenase/D5-D4 isomerase (3β-HSD) as well as decreased serum testosterone levels. These results suggested that Znt7 may be involved in testosterone synthesis in the mouse testes. To examine this hypothesis, we used the mouse Leydig tumor cell line (MLTC-1 cell line) in which the ZnT7 gene had been silenced, in order to gauge the impact of changes in ZnT7 expression on testosterone secretion and the enzymes involved in testosterone synthesis. The results demonstrated that ZnT7 gene silencing downregulated the expression of StAR, P450scc and 3β-HSD as well as progesterone concentrations in the human chorionic gonadotrophin (hCG)-stimulated MLTC-1 cells. Taken together, these findings reveal that ZnT7 may play an important role in the regulation of testosterone synthesis by modulating steroidogenic enzymes, and may represent a therapeutic target in testosterone deficiency.
Introduction
Zinc (Zn) is an essential nutrient and one of the most abundant biological trace metals which is intimately involved in growth and reproduction in males and females (1, 2) . It is well known that Zn content is high in the adult testis, and the prostate has a higher concentration of Zn than any other organ of the body. Zn plays pivotal roles in testicular development, the maintenance of testicular function and spermatogenesis (3, 4) . In humans, for example, Zn is a major constituent of seminal plasma and it is necessary for the formation and maturation of spermatozoa as well as for fertilization (5, 6) . Epidemiological investigations in humans have demonstrated that the testes have a strict Zn requirement and a severe Zn deficiency may lead to low seminal plasma Zn levels, and the subsequent depletion of testosterone as well as the inhibition of spermatogenesis. This has effects on the fertility of a population, and in one study Zn deficiency was found to be the main cause of a decline in fertility rates (5, 7, 8) . In addition, Zn deficiency has been demonstrated to cause Leydig cells to appear smaller and show endoplasmic reticulum abnormalities, when examined under an electron microscope (9) . Notably, Zn-deficient (ZnD) Leydig cells are capable of taking up cholesterol and neutral lipids, which are the precursors of sex steroids; however, they are incapable of converting them into sex steroids. This has been shown to lead to the arrest of spermatogenesis and the impairment of fertilization (10) . Indeed, Zn deficiency has been shown to result in oligospermia, which coincides with poor Leydig cell function and lower testosterone concentrations, and these effects may be reversed with Zn supplementation (11, 12) . Thus, Zn, which is known to be an important cation necessary for the normal functioning of the testes and the regulation of fertility, is now attracting increasing attention from researchers.
Previous studies have confirmed that changes in intracellular Zn concentrations exerted marked effects on testicular steroidogenesis processes induced by various physical, chemical and immunological stimuli (11, 13, 14) . Zn homeostasis is regulated by two different Zn-transporter families: the Zrt-and Irt-like proteins (ZIPs; SLC39a) and the Zn transporter (ZnT) proteins (SLC30a). ZIPs facilitate the influx of Zn into the cytosol from the outside of cells or from the lumen of intracellular compartments whereas ZnTs ensure Zn efflux from the cytosol to the outside of cells or to intracellular organelles (15) (16) (17) . ZnT1 is ubiquitously expressed and the only ZnT known to be involved in Zn efflux across the plasma membrane in many different cells, thus conferring resistance to Zn (15) . ZnT3 is mainly located in the presynaptic vesicles of neurons and is responsible for the transportation of Zn into synaptic vesicles involved in nerve transmission (18, 19) . ZnT5 is thought to transport Zn into the insulin-containing secretory granules of pancreatic β-cells (20) . ZnT7 is located in the Golgi apparatus and it plays an important role in regulating the efflux of Zn from the cytosol into the extracellular space or increasing the influx of Zn into the Golgi network (14, 15, 21) . ZnT8 is predominantly expressed in the insulin-containing granules in pancreatic β-cells and transports cytoplasmic Zn ions into the secretory granules for insulin maturation and crystallization prior to secretion (22, 23) . Previous findings have revealed that coordinated Zn mobilization by ZnTs is essential for the maintenance of Zn homeostasis. Thus, Zn plays roles in the regulation of critical physiological functions and profoundly affects health positively or negatively, as it is involved in a wide variety of diseases (17, 24) . The study of ZnTs is therefore receiving great clinical interest and attention at present (17) , although little is known about the functional characteristics of ZnTs, particularly ZnT7, in endocrine tissues such as the mammalian testis.
In the present study, we aimed to examine the role of ZnT7 in testosterone synthesis and to elucidate the underlying mechanisms. Several important transport proteins and enzymes involved in testosterone synthesis were selected for evaluation, including steroidogenic acute regulatory protein (StAR), cholesterol side-chain cleavage enzyme (P450scc) and 3β-hydroxysteroid dehydrogenase/D5-D4 isomerase (3β-HSD). Our results revealed that double immunofluorescence staining between ZnT7 and StAR was mainly observed in the interstitial compartment cells in the mouse testis, and the intensity of staining was weaker in the ZnD group. Silencing the ZnT7 gene in the mouse Leydig tumor cell line (MLTC-1) cells decreased the levels of StAR, P450scc and 3β-HSD, and subsequently decreased progesterone synthesis in the MLTC-1 cells. These data suggest that ZnT7 may be involved in steroidogenesis in the mouse testis.
Materials and methods
Animals. Four-week-old male CD-1 mice, weighing approximately 13±2 g, were purchased from the Experimental Animal Center of China Medical University (Shenyang, China). The animals were divided into two groups: 20 animals were fed a ZnD diet (0.85 ppm; egg white-based AIN-76A; Research Diets Inc., New Brunswick, NJ, USA) and provided with deionized water; the other 20 animals were treated with a Zn-adequate (30 ppm) diet and received normal drinking water ad libitum. The mice were housed in cages in a controlled environment (22-25˚C; 50% humidity; and 12-h/12-h light/ dark cycle). The mice were fed either ZnD or Zn-adequate diets for 5 weeks. All animal experimental procedures were approved by the Experimental Animal Ethics Committee of China Medical University (Shenyang, China), in accordance with the criteria described in the National Institutes of Health (NIH) Guide for the Care and Use of Laboratory Animals.
Analysis of Zn levels. Following decapitation, the testes of five mice from each group were carefully removed, and the samples were digested with concentrated nitric acid; the digests were diluted to a constant volume with deionized water. The Zn concentration was then determined from the resultant solution by performing atomic absorption spectrophotometry (AAS) at the Experimental Center of China Medical University (Shenyang, China). The results are expressed as mg/g of wet weight (wet wt) and as averages of at least two determinations/sample. Double immunofluorescence staining. Four animals from the ZnD group and four from the control group were deeply anesthetized with sodium pentobarbital and perfused with isotonic saline, followed by 4% paraformaldehyde in 0.1 M phosphatebuffered saline (PBS; pH 7.4). The testes were removed and post-fixed with 4% paraformaldehyde overnight at 4˚C. Serial paraffin sections (5 µm) were prepared, dewaxed in xylene and rehydrated using gradient alcohol solutions. The cryostat sections were then pre-incubated with normal donkey serum (1:20) for 1 h and incubated overnight at room temperature (RT) with antiZnT7 (polyclonal antibody; HPA018034; Sigma, St. Louis, MO, USA) at 1:100 and anti-StAR (polyclonal antibody; sc-25806; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) at 1:100. Secondary antibodies including fluorescein isothiocyanate (FITC)-conjugated donkey anti-rabbit (FITC-DAR; 711-542-152) IgG and Texas Red-conjugated donkey anti-goat (Texas Red-DAG; 705-007-003) IgG were purchased from Jackson ImmunoResearch Laboratories, Inc. (West Grove, PA, USA). After rinsing with PBS, the sections were incubated for 2 h with FITC-DAR (1:50) and Texas Red-DAG (1:50) at RT. The sections were mounted and examined under a confocal laser scanning microscope (CLSM; SP2; Leica Microsystems GmbH, Wetzlar, Germany).
Cell culture and treatment with a Zn ion chelating agent.
The MLTC-1 cell line was purchased from the Cell Bank, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences (Shanghai, China) and the cells were maintained in an RPMI-1640 medium (RPMI-1640; Gibco BRL, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS), 100 IU/ml of penicillin and 100 µg/ml of streptomycin, at 37˚C in a 5% CO 2 incubator with humidified 95% air. To deplete the intracellular Zn stores, the Zn chelator N,N,N',N'-tetrakis(2-pyridylmethyl)ethylenediamine (TPEN; 1 µM) was added and incubated with the cells for 12 h.
Assessment of cell viability. Cell viability was measured in 96-well plates by a quantitative colorimetric assay using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), which is an indicator of mitochondrial activity in living cells. Briefly, at the indicated time after treatment, 10 µl MTT (final concentration, 500 µg/ml) was added to the medium and the cells were incubated at 37˚C for 3 h. The MTT solution was removed and 100 µl dimethyl sulfoxide (DMSO) was added for 15 min in order to dissolve the resulting colored formazan crystals. The absorbance at 540 nm for each sample aliquot was measured using a Sunrise RC microplate reader (Tecan Group, Ltd., Männedorf, Switzerland). Cell viability was expressed as the ratio of the signal obtained from the treated cultures to the control.
Transient transfection with mZnT7 (NM_023214) small interfering (si)RNA (Stealth RNAi).
The cells were plated in 6-well plates at a density of 2x10 5 cells/well in 2 ml RPMI-1640. ZnT7 siRNA (Stealth RNAi) was prepared by Invitrogen Life Technologies (Carlsbad, CA, USA). The siRNA sequence targeting a specific sequence in ZnT7 mRNA used was 5'-GCCAUAGUCACGAAGCCAATT-3'. The scrambled siRNA sequence used was 5'-UUGGCUUCGUGACUAUGG CTT-3' . The target sequences of ZnT7 siRNA and control ZnT7 siRNA were aligned against the GenBank database using the Basic Local Alignment Search Tool (http://blast.ncbi.nlm.nih. gov/Blast.cgi). Transient trans fections were performed according to the manufacturer's instructions using Lipofectamine ® 2000 (Invitrogen Life Technologies) in order to silence the expres sion of ZnT7. All experiments were performed in 6-well plates, with the cells plated to reach 50-60% confluence on the day of transfection. The cells were incubated in growth medium with 10% FBS for 24 h after transfection. The knockdown of ZnT7 was evaluated using western blot analysis.
Hormone assays. Blood was collected by cardiac puncture with a heparinized syringe and serum was immediately collected by centrifugation (4,000 rpm at 4˚C) and stored at -20˚C for further analysis. The serum sample concentrations of luteinizing hormone (LH) and testosterone were measured using an enzyme-linked immunosorbent assay as described in the instructions provided with the assay kits (DRG Instruments GmbH, Marburg, Germany). For the cell experiments, following transfection or treatment with TPEN (Sigma), the supernatants were collected 2 h after human chorionic gonadotrophin (hCG) stimulation. The total progesterone levels were detected in the culture medium using the above-mentioned method.
Western blot analysis. The decapsulated testes were placed in a 15-ml conical tube containing 2-10 ml DMEM/Ham's F12 (DMEM/F12) and subjected to rocking horizontal incubation at room temperature at 250 rpm for 40 min. Shortly after resting for 1 min, suspended cells in the upper fraction were separated from the bottom fraction. Upper fraction cells primarily consisting of Leydig cells were centrifuged at 200 x g for 5 min and subjected to western blot analysis. The Leydig cells isolated from the testes of 11 mice were minced into small pieces and homogenized in a chilled lysis buffer (150 mM of NaCl, 50 mM of Tris-HCl, 1% Nonidet P-40, 0.25% sodium deoxycholate, 0.1% SDS, 1 mM of PMSF, 10 mg/ml of leupeptin, 1 mM of Na 3 VO 4 , and 1 mM of NaF) overnight at 4˚C. The MLTC-1 cell pellets were lysed in a chilled lysis buffer for an hour at 4˚C. The lysates were collected, centrifuged at 12,000 rpm for 30 min, and quantified for total protein using a UV 1700 PharmaSpec ultraviolet spectrophotometer (Shimadzu, Kyoto, Japan). The supernatant was removed, portioned into aliquots, and then stored at -80˚C.
Fifty micrograms of total protein from each sample were subjected to SDS-PAGE using 10% gradient Tris/glycine gels. The proteins were then transferred to polyvinylidene difluoride (PVDF) membranes (Millipore Corp., Temecula, CA, USA). After blocking with 5% fat-free milk for 1 h, the blots were incubated with the following primary antibodies: anti-ZnT7 (1:1,000; HPA018034; Sigma), anti-StAR (1:1,000; sc-25806; Santa Cruz Biotechnology, Inc.), anti-P450SCC (1:1,000; ABS235; Millipore Corp.), anti-3β-HSD (1:1,000; sc-28206; Santa Cruz Biotechnology, Inc.), and anti-GAPDH (1:10,000; G8795; KangChen Biotech, Shanghai, China) at 4˚C overnight. The membranes were incubated with an horseradish peroxide (HRP)-conjugated goat anti-rabbit IgG (H + L; 170-6515; Biocompare, San Francisco, CA, USA), HRP-conjugated goat anti-mouse IgG (H + L; 170-6515; Biocompare), and HRP-conjugated rabbit anti-goat IgG (H + L; ab6721; Abcam, Cambridge, UK) (1:5,000) for 2 h at room temperature. Immunoreactive bands were visualized using a SuperSignal West Pico Chemiluminescent substrate (Pierce Biotechnology, Rockford, IL, USA) with a ChemDoc XRS imaging system and Quantity One software (Bio-Rad, Hercules, CA, USA).
Statistical analysis. Continuous variables are expressed as the means ± standard error of the mean (SEM). One-way analysis of variance (ANOVA) was used to analyze the data. Tukey's multiple comparison test was used. P<0.05 was considered to indicate a statistically significant difference.
Results

Colocalization of ZnT7 and StAR in the Leydig cells of mouse testes.
To examine the association between ZnT7 and testosterone synthesis as well as testosterone-related factors in Leydig cells, we first examined whether ZnT7 proteins are expressed in the Leydig cells from the mouse testis. Testosterone is essential for spermatogenesis, fertility and the maintenance of the male phenotype (25) . StAR protein and testosterone biosynthetic enzymes play critical roles in the synthesis of testosterone in Leydig cells (26) (27) (28) . Double immunofluorescence staining for ZnT7 and StAR was performed to analyze the distribution and localization of both proteins in the mouse testis. Using a CLSM, ZnT7-positive cells were found to be distributed in the interstitial compartment and the seminiferous tubules of the mouse testis. The intensity of ZnT7 staining in the interstitial compartment cells was stronger than that in the seminiferous tubule; StAR staining was exclusively located in the interstitial compartment cells (Fig. 1) . The merged images illustrated that ZnT7 was colocalized with StAR in the interstitial compartment cells in the mouse testis (Fig. 1) . Furthermore, we found that the staining for both ZnT7 and StAR was weaker in the Leydig cells from the mice in the ZnD group compared with the control group. These results demonstrated that ZnT7 was expressed in the interstitial compartment cells of the mouse testes and may be involved in steroidogenesis.
Effects of Zn deficiency on Zn concentrations in mouse testes and serum levels of LH and testosterone.
In an in vivo experiment, AAS was used to determine the concentration of Zn ions in the mouse testis. As compared with the control group, both the Zn concentrations in the testis (total) and the isolated Leydig cells were significantly decreased in the ZnD group (Fig. 2a) . In addition, we also evaluated the circulating LH content and testosterone levels in the serum. As expected, the mice fed a ZnD diet had significantly lower serum concentrations of testosterone and higher serum concentrations of LH than in the control group (Fig. 2b and c) .
Effects of Zn deficiency on the protein expression of ZnT7 and testosterone-related factors in the mouse Leydig cells.
To assess the effect of Zn deficiency on the expression of ZnT7 and testosterone-related factors in mouse Leydig cells, several important transport proteins and enzymes involved in testosterone synthesis were selected for evaluation, namely StAR, P450scc and 3β-HSD (29) (30) (31) . P450scc is a hormonally-regulated mitochondrial enzyme which converts insoluble cholesterol to soluble pregnenolone (30) . Pregnenolone is then metabolized to androgens by 3β-HSD (25, 30) . Notably, Zn deficiency which downregulated ZnT7 levels also decreased the protein expression of StAR, P450scc and 3β-HSD compared with that in the control groups (Fig. 3) . Overall, these results suggest that ZnT7 plays an essential role in the reduced testosterone synthesis that occurs in response to Zn deficiency.
RNAi-mediated knockdown of ZnT7 and Zn deficiency may inhibit hCG-induced testosterone synthesis and downregulate testosterone-related factors in MLTC-1 cells.
In the present study, MLTC-1 cells were used as a model cell line and hCG was used to induce steroidogenesis in order to elucidate the mechanism underlying the involvement of ZnT7 in testosterone synthesis. The established MLTC-1 cell line has the capability to synthesize progesterone as the key steroid in response to hCG and to keep to a consistent gonadotropin response before progesterone synthesis compared with the primary Leydig cell line (32) . The cells were treated with increasing amounts of hCG for 30 min, and the progesterone levels in the media were measured using a chemiluminescent enzyme immunoassay. Τhe saturating amount of hCG was approximately 0.5 IU/ml (Fig. 4a) . This amount of hCG (0.5 IU/ml) was used in subsequent experiments. The hCG-induced steroid production was consistently detectable as early as 0.5 h post-treatment and reached a steady peak at approximately 2-4 h post-treatment (Fig. 4b) . We selected 2 h as the optimum incubation time for subsequent experiments. To avoid potential toxic effects resulting in cell death in the following experiments, we performed a cell viability assay in order to determine the optimal TPEN concentration and incubation time (Fig. 4c) . Accordingly, a concentration of 1 µm TPEN and a 12 h incubation time were selected.
To examine the effects of ZnT7 on testosterone synthesis, we determined whether ZnT7 knockdown was capable of preventing the events of steroidogenesis. Firstly, western blot analysis was performed in order to detect ZnT7 protein expression following the transfection of MLTC-1 cells with mZnT7 siRNA, which revealed that the optimal effect was achieved at 48 h posttransfection and the inhibition rate of ZnT7 RNAi reached >80% (Fig. 4d and e) . Subsequently, hCG-stimulated cells were then used to determine whether Zn homeostasis and ZnT7 expression are involved in steroidogenesis in MLTC-1 cells (33-35) . The MLTC-1 cells were treated with 0.5 IU/ml of hCG for 2 h with 1 µM TPEN or ZnT7 siRNA and progesterone production in the media was measured at 2 h after hCG treatment. ZnT7 knockdown decreased progesterone production and downregulated the expression of StAR, P450scc and 3β-HSD following hCG stimulation of the MLTC-1 cells. In addition, exposure to TPEN decreased progesterone levels and the factors mentioned above (Fig. 5a-e) . Taken together, these findings suggest that ZnT7 appears to play a role in steroidogenesis induced by hCG, by modulating the expression of several steroidogenic enzymes.
Discussion
Previous studies have reported that Zn plays important roles in the production, storage and secretion of a number of hormones including testosterone (26, 36) . Studies in animal models as well as clinical studies have demonstrated that hypogonadism is a prominent feature of Zn deficiency in humans and animals (37, 38) ; however, the underlying mechanisms responsible for these endocrine effects observed in Zn deficiency remain unclear. The present study has reported a significant decrease in serum testosterone levels and Zn concentrations in the testis and Leydig cells of mice, which is in line with the findings of previous studies on a number of male mammal species (37) (38) (39) (40) . In addition, ZnT7 was prinicipally expressed and colocalized with StAR in the Leydig cells of male CD-1 mice. ZnT7 expression was downregulated in the mice fed a ZnD (0.85 ppm) diet as were the enzymes involved in testosterone synthesis, including P450scc and 3β-HSD, as well as testosterone levels. Furthermore, ZnT7 gene silencing downregulated the levels of StAR, P450scc, 3β-HSD and progesterone in the hCG-stimulated MLTC-1 cells. These results are the first to demonstrate that Znt7 is involved in testosterone synthesis in the mouse testis and MLTC-1 cells, to the best of our knowledge. The mechanism underlying this process may involve the modulation of the expression levels of testosterone-related factors in MLTC-1 cells.
Zn is critical for the production, storage and secretion of various enzymes, including a number of Zn-dependent enzymes, that are involved in cellular signaling pathways as well as for the activity of certain transcription factors (41, 42) . Studies in humans and animal models have determined that severe Zn deficiency negatively affects male reproduction by inducing testicular atrophy, reducing the functioning of LH receptor and steroid synthesis, and causing Leydig cell damage as a result of oxidative stress (9, 43) . In addition, Zn deficiency may cause the degeneration of Leydig cells involved in the processing of spermatozoa after meiotic division (40) . More specifically, ZnD testicular Leydig cells are capable of taking up cholesterol and neutral lipids which are precursors of sex steroids; however, they are unable to convert them into sex steroids. This leads to the arrest of spermatogenesis and the impairment of fertilization (10, 38) . The present study demonstrated that in male mice, dietary Zn deficiency significantly reduced the level of testosterone and increased the circulating level of LH, thus indicating that the release and synthesis of LH occurred under conditions of Zn depletion. These data are in agreement with previous findings obtained by other researchers, who demonstrated that rats exhibited significant decreases in the serum levels of testosterone and progesterone together with increases in serum levels of follicle-stimulating hormone (FSH) and LH (3, 5, 44) . Furthermore, in vitro experiments have demonstrated that decreased levels of progesterone synthesis by Leydig cells as well as the decreased expression of StAR, P450scc and 3β-HSD in the Leydig cells occurred under conditions of Zn depletion. The results of in vitro and in vivo experiments in the present study have therefore indicated that Zn deficiency may exert a direct inhibitory effect on testosterone synthesis in Leydig cells. This explains the reduction in testosterone synthesis, which was confirmed by evidence that progesterone production was decreased and the expression of the key steroidogenic enzymes was downregulated in the mice with dietary Zn deficiency.
It is believed that ZnTs are involved in a number of physiological pathways and processes, such as insulin synthesis and secretion in the pancreas, cognitive function, bone development and body adiposity (37, 45) . The roles of ZnTs in the pathogenesis of disease have received great attention and monitoring cellular Zn status may have an important impact on disease prevention and treatment (45, 46) . Several studies have demonstrated that ZnT7 is located in the Golgi apparatus and may participate in the transport of cytoplasmic Zn into the Golgi apparatus (21, 47) . ZnT7-deficient rats had lower levels of Zn in their cells and tissues, a reduced food intake, and poor growth; all of which are clinical manifestations of Zn deficiency (39) . In the present study, double immunofluorescence staining revealed the colocalization of ZnT7 and StAR in the mouse Leydig cells. The silencing of ZnT7 gene expression demonstrated the impact of changes in ZnT7 expression on testosterone secretion as well as the expression of the enzymes involved in testosterone synthesis in MLTC-1 cells which suggested that ZnT7 may play a role in the the regulation of steroidogenesis. It is well known that ZnT7 may play a direct role in maintaining Zn concentrations within the Golgi apparatus, which is a vital organelle for protein synthesis and post-translational modification (48) (49) (50) . Previous research has demonstrated that the overexpression of ZnT7 in Chinese hamster ovarian cells led to an accumulation of Zn in the Golgi apparatus, indicating that ZnT7 may play an important role in delivering Zn to newly synthesized Zn-requiring enzymes, proteins, or in the storage of Zn in the Golgi apparatus (49, 51) . In the present study, we found that the protein expression of StAR, P450scc and 3β-HSD were significantly decreased in the ZnT7-silenced MLTC-1 cells, compared with that in the control groups. The changes we observed suggest that ZnT7 may affect testosterone synthesis in MLTC-1 cells by regulating the levels of testosterone-related factors through the metal-responsive element in testosterone synthesis promoters and Zn-requiring proteins or processes, or through the export of Zn from the Golgi apparatus through ZnTs.
In conclusion, in the present study we present novel evidence regarding the association between ZnT7 and testosterone synthesis through in vivo experiments on the tests of male CD-1 mice and in vitro experiments on MLTC-1 cells. Our results have demonstrated that the expression of ZnT7 as well as StAR, P450scc and 3β-HSD was reduced, respectively, in the ZnD group together with a decreased serum testosterone level. In particular, the silencing of the ZnT7 gene resulted in the reduced expression of StAR, P450scc and 3β-HSD as well as in decreased progesterone levels. Given the important role that testosterone synthesis plays in the development and progression of gonadal differentiation, formation and maturation, the identification of ZnT7 as a key regulator of testosterone synthesis represents an important finding. Future studies may confirm ZnT7 as a potentially important target for therapeutic intervention, in an attempt to regulate steroidogenesis in order to limit the decline in fertility observed in patients with Zn deficiency.
